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LVII. The Spectra of Chemical Compounds. 
By JAM~S Mos~,a *. 

I S spectral analysis indeed entitled to be ranked as a branch 
of qualitative analysis ? 

Is the spectrum of a compound the sum of the spectra of 
the component elements ? 

From an observation of the spectrum of a compound, is it 
possible to determine the nature of the elements in the com- 
pound, or has each compound a characteristic spectrum of 
its own ? 

The discoverers of spectral analysis, Kirchhoffand Bunsen, 
in their first memoir, said that" differences in the compounds 
of any given metals have no influence upon the position of 
the lines indicative of the presence of the individual metals." 
This opinion has been generally accepted as true. The possi- 
bility of each compound possessing a characteristic spectrum 
was ,  however, recognized by Kirehhoff and Bunsen. Else- 
where they say, " I t  is possible that the salts which we vola- 
tilized suffered decomposition at the temperature to which 
they were raised in the flame, and that the lines which we 
observed were really due to the presence of flee metals ; it is 
possible also that each chemical compound may show lines 
other than those caused by the elements composing it"t .  

The object of the present paper is to show that each chemical 
compound really possesses a characteristic spectrum of its own. 
A chemical compound is characterized by " the difference 
between its properties and the properties of its component 
elements. .  • ; the properties of the elements are lost in those 
of the compound ; the individuality of the elements has dis- 
appeared in the formation of a new body with new pro- 
perties "$. 

Those physicists who have studied the subject now under 
consideration have generally made observations on emission- 
spectra only. 

This method is open to serious objection, and must be 
superseded, if trustworthy results are to be obtained, by the 
study of absorption-spectra. 

In studying the literature connected with the spectra of 
chemical compounds, it is interesting to observe how the ori- 
ginal view of Kirehhoff and Bunsen is gradually abandoned; 
A. Mitscherlieh found that the metallic oxides and chlorides, 
when brought into the flame~ afforded spectra different from 

Translated and condensed from Pogg. Ann. clx. pp. 177-]99, by M. 
M. Pattison Muir, The Owens College, Manchester. 

t Pogg. Ann. cxiii. 881. 
Hofmann, Einleitu~g b~ d. rood. Chemic, Cap. iii. 
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On the Spectra of Chemical Conwounds. 445 

those obtained by bringing the metals themselves into the 
electric arc. His observations have been confirmed and ex- 
tended by Diacon, by Lecoq de Boishaudran, and by Lockyer. 

Pliicker and Hittorf obtained different spectra from such 
non-metals as nitrogen, sulphur, .selenium' and carbon, by 
varying the conditions under which the spectra were pro- 
duced.- Nitrogen, for instance, showed two band-spectra, and 
one line-spectrum ; compounds of carbon with oxygen, nitro- 
gen, and hydrogen yielded five different spectra, which were 
all regarded as spectra of the clement carbon, the differences 
being attributable to the influence of temperature. /~ngstrSm 
and Thalen regarded the different spectra obtained by Pliicker 
and Hittorf as caused by the different carbon compounds exa- 
mined by them : the line-spectrum of nitrogen they looked on 
as the spectrmn of the element itself; one of the band-spectra 
they regarded as that of nitric oxide ; the second band-spectrum 
they could not explain*. 

Kircbhoff obtained different spectra from calcimn chloride 
by varying the conditions under which the salt was volatilized. 
The spectrum produced by using an electric current of very 
weak intensity was the same as that noticed when the salt was 
brought into the gas-flame. By employing a current of 
greater intensity, or a flame of gas and air, a different spectrum 
was produced. Mitscherlich's experiments, in which he ob- 
tained the spectrum of calcium oxide by bringing a mixture 
of calcium and ammonium nitrates into a flame of gas and 
air, and the spectrum of calcium chloride by volatilizing the 
chloride in a flame of hydrogen and chlorine, seemed to point 
to an explanation of the phenomena noticed by Kirchhoff. 
The spectrum obtained when a current of low intensity was 
employed was probably due to undecomposed calcium chloride, 
mixed, especially towards the close of the experiment, with 
calcium oxide; when a stronger current. . was emplo, yed, the 
chloride and oxide were probably dissociated, and hnes due to 
the presence of the elements began to appear : this dissociation 
was rendered complete by using a current of great intensity ; 
the lines which then appeared were entirely caused by the 
elements in the free state. 

But the study of emission-spectra alone cannot enable us to 
answer the question, Has each chemical compound a distinct 
spectrum of its own ? Emission-spectra tell us that the ele- 

* tIelmholtz supvoses that the chemical atoms yield line-spectra, the 
molecules (or coml)lexes of atoms) band-spectra. In accordance with this 
view, Pliicker s nitrogen-spectrum of the second order would be caused by 
nitrogen atoms, and that of the first order, which was not explained by 
.~ngstrS~ and Thalgn, by nitrogen molecules. 
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446 Mr. J. Moser on the Spectra of  

ment whose lines we observe is at one time chemically com- 
bined, and at another in the free state ; but these spectra do 
not allow us to associate the presence of a distinct compound 
with a definite temperature. I f  the temperatures at which 
observations are made be varied, Kirchhoff's fundamental pro- 
position forbids us to suppose that the spectra should remain 
unaltered. 

But the observation of absorption-spectra enables us, I 
believe, to answer the question already proposed, and to 
answer it in the affirmative. 

My experiments show that large alterations in the mass of 
material and in the temperature are without matet~l influence 
upon the absorption-spectra examined by me ; hence the dif- 
ferences noticed in these spectra cannot be attributed to either 
of those causes. 

The question arises, whether absorption-spectra alone, with- 
out the simultaneous observation of emission-spectra, are suf- 
ficient to characterize chemical substances. This question 
may, I think, be answered in the affirmative. The molecules 
of some substance, iodine for instance, may be regarded as 
vibrating so as to give forth light ; and at the same time they 
may absorb a portion of the white light passing through them ; 
if the temperature be decreased a point will be reached at 
which the vibrations will not be sufficiently rapid to produce 
light, but the molecules will nevertheless continue to absorb 
light. But it cannot be supposed that at this point Kirchhoff's 
fundamental proposition should cease to hold good. 
. The following. . experiments, show an analogy between absorp- 

tion- and emlsslon-spectra: the former behave themselves at 
low temperatures, analogousl, y.with the latter at high temapera- 
tures ; changes m the intensity of the absorption-bands am 
observable coincident with changes in mass and in tem- 
perature. 

The experiments were carried out with iodine, with bromine, 
and with nitrogen tetroxide. I shall first describe those ex- 
periments in which mass of material underwent variation. 

The apparatus was arranged so that two spectra could be 
simultaneously brought into the field of vision. Thaldn's ab- 
sorption-spectrum of iodine served as a scale with which to 
compare the bromine-spectrum. The following numbers ex- 
l~ress the wave-lengths of the bromine absorption-lines. I 
have numbered the lines,, begl"nning with that corresponding 
with D, +1,  +2,  &c. m the blue, and --1, --2, &c. in the 
red:m 
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Differ- 
ence. 

--15 625"6 
--14 624"2 1"4 

6"4 
--13 617"8 1"5 
--12 616"3 4"6 
--11 611"7 
--10 610"0 1"7 
- -  9 606"8 3"2 

1"7 
-- 8 605"1 2"5 
- -  7 602-6 
-- 6 600"2 2"4 
- -  5 598"8 1"4 
- - 4  595"4 3"4 

1"3 
- -  3 594"1 

Chemical Compounds. 
Differ- 
e]3ce. 

--3 594"1 
--2 591"4 2"7 
--1 590"8 0"6 
+ 1  587"5 3"3 
+ 2  583"5 4"0 

3 580"1 3"4 
4 576"5 3"7 
5 573"0 3"5 
6 569"1 3"9 
7 565"8 3"3 
8 562"2 3"6 
9 558"8 3"4 

10 555"5 3"3 

447 

Differ- 
ence. 

+10  555"5 2"7 
11 552"8 2.4 
12 550;4 2"8 
13 547"6 2-4 
14 545"2 2'2 
15 543"0 2"0 
16 541"0 1"6 
17 539"4 3"6 
18 535-8 2"0 
19 533"8 4"6 
20 532"2 3"0 
21 529"2 1"4 
22 527"8 

In order that the whole of these lines should be observed, it 
was necessary, to vary the thickness of the absorbing layer. 
For th]s purpose the bromine vapour was contained in a 
wedge-shaped glass vessel; the light was allowed to pass 
through the thicker part when observations were made in the 
red, and through the thinner part when observations were 
made in the blue. 

At a temperature of about 20 °, the lines from --1 near D 
to + 22 in the blue were recognizable with a bromine layer 
t0  millims, in thickness. By increasing the thickness of the 
layer the whole of the lines became more intense, and the lines 
--2, --3, to --14 in the red gradually appeared. The fine 
lines appearing as shading in the blue gradually became more 
apparent, extending towards the red until the space between 
any two lines became equally dark; continuous absorption 
thus spread slowly towards the red. 

With a layer 10 mfllims, in thickness the spectrum between 
the lines --1 and + 22 was observed. 

With a layer 6 millims, in thickness the spectrum between 
the lines - -6  and + 12 was observed. 

With a layer 8 millims, in thickness the spectrum between 
the lines - - l l  and + 8 was observed. 

Increasing the thickness of the layer thus produced an equal 
(intensifying) effect upon all portions of the spectrum, but did 
not cause changes in special parts of the spectrum. Increasing 
the thickness of the absorbing layer, then, only caused the 
spectrum to become more marked in its character. 

Observations on the absorption-spectra of iodine and of ni- 
trogen tetroxide confirmed those made with bromine. 

Alteration of temperature produces different effects upon 
different parts of the spectrum. 
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448 On the Spectra of C]temical Compounds. 

A glass tube 80 millims, in length and 15 millims, in width 
was filled with bromine vapour ; no liquid bromine was pre- 
sent at the ordinary temperature. The lines from --1 near 
D to + 23 in the greenish-blue were observable. The tube 
was warmed by means of a Bunsen's lamp : the lines -- 2, -- 3, 
--4, to --6 became visible ; the area of total absorption ad- 
vanced from the blue end until it reached the line + 12. The 
temperature of the bromine was determined by observing the 
melting of little pieces of various metals brought into the 
tube, to be about 350 ° . Increasing the temperature had thus 
caused the lines from --2 to --6 to become visible. I have 
already stated that increasing the thickness of the bromine 
layer also caused lines in the red to appear : I found by actual 
experiment that an increase in temperature from 20 ° to 350 ° 
was equal, in this respect, to increasing the thickness of the 
layer from 15 to 16 millims. 

Analogous results were obtained with the spectra of iodine 
and of nitrogen tetroxide. 

The following observations regarding effects of increased 
temperature relate to individual lines in each of the three 
spectra examined: these effects were not produced by increa- 
sing the thickness of the absorbing layer, but only by increasing 
the-temperature. The two lines referred to diminished in in- 
tensity, and finally disappeared, when the temperature was in- 
creased, while the intensity of the neighbouring lines, as also 
that of the whole spectrum, was increased. 

Bromine, iodine, and nitrogen tetroxide were warmed in 
sealed tubes 80 millims, in length and 15 millims, in width : 
the following lines disappcared:m 

(1) In the bromine-spectrum. 
(a) The line + 12 ; the space between 11 and 13 gradu- 

ally became filled with fine lines. 
(b) The line + 15 ; the space between 14 and 16 became 

filled with fine lines. 
(2) In the iodine-spectrum. 

A line nearly in the same position as the bromine-line 15, 
the space between the two neighbouring lines becoming 
filled with fine lines. 

(3) In the nitrogen tetroxide spectrum. 
Three lines dose by C, standing out some distance from 

one another. 
Weiss* says that he noticed a change in the position of cer- 

tain lines in the absorption-spectrum of nitrogen tetroxide, pro- 
duced by increasing the thickness of the layer of gas, or by rais- 
ing the temperature. My own experiments have convinced me 

* Pogg. Ann. exii. p. 155. 
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On t)~e Resistance of a Telegraph Receiving-instrument. 449 

that Weiss's observations are erroneous. If  a poor apparatus 
be employed, the lines already mentioned in the spectrum of 
nitrogen tetroxide appear to grow thicker when the tempe- 
rature is raised; the middle of the lines appears to occcupy a 
new position. But if the same experiment be made with a 
superior apparatus, it is fbund that a number of new fine lines 
have appeared, and that there has been no real alteration of 
the position of the original line. 

Weiss's so-called "change in the position of the lines" is 
thus shown to be a phenomenon exactly similar to that which 
occurs when the D line is observed through a good spectro- 
scope : instead of seeing one line, two become apparent. 

These observations on absorption-spectra enable us to under- 
stand how valuable such spectra are in determining the che- 
mical nature of any substance. Before, however, we can say 
that each and every chemical compound possesses a charac- 
teristic spectrum of its own, it would be necessary for us to 
observe a very large number of absorption-spectra. Much 
remains to be done in this direction. So far as experiment 
goes, we know of no facts which positively contradict the 
assertion that for each compound there is a characteristic ab- 
sorption-spectrum. The same absorption-spectrum is said to 
be common to more than one oxide of chlorine ; but we really 
know very little concerning the exact composition of these 
bodies. Although I have endeavoured to show that alteration 
in temperature and in mass of matel~ial produces but slight 
alteration in absorption-spectra, nevertheless I must not be 
looked on as denying the possibility of several spectra being 
possessed by one and the same element. The experiments of 
Pliicker and ttittorf, of Lockyer, &c. show that certain ele- 
ments do possess more than one spectrum. The spectra ob- 
tained at low temperatures may probably be regarded as caused 
by the molecules of the elements, while those obtained at high 
temperatures may be looked on as caused by the atoms. 

A systematic o]~servation of absorption-spectra, with especial 
reference to the course of chemical change in solutions, would 
certainly be of much assistance in solving some of the problems 
of physical chemistry. 

LVII  I. A Theoretical/Deduction of the best Resistance of a Tele- 
graph Receiving-instrument. By R. S. B•ouGtt*. 

T HE information given in the text-books regarding the 
proper resistance of an electromagnetic receiving-instru- 

ment to employ on any telegraphic circuit is meagre and in- 
definite. The authors usually content themselves with saying 

From the Proceedings of the Asiatic Society of Bengal for August 
1877. Communicated by the Author. 

_P]~il. Mug. S. 5. Vol. 4. No. 27. Dec. 1877. 2 G 
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